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INNOVATIVE GAS LIQUEFACTION CONCEPT
The Solution for the Associated Gas Problem

Introduction

Stork Enginears & Contractors (STORK) and
CRYENCO have joined forces o further
devalop a novel technology for the Bquefaction
of gases.

This technology uses thermoatoustic anergy
o potentially achieve temperatures as low as
-200 deg.C. making it particularly suitable for
tha lquefaction of natural gas, as well as for
liquatfaction of varnous other industrial gases.
The technology is called TADOPTR, an
acranym for Thermoacoustically Driven Onfice
Pulse Tube Rafrigerator,

The technology has the patential to become a
winning solution for the wall-known associated
gas problam that the Oil and Gas industry now
facas. And that is bacausa tha technology is
very simple, meliable, cost effective, and
becausa it has no moving parts at all. Thesa
faciors mean that the technology has a strong
advantage ower other gas Cconversion
technologies, espedcally offshore or in remote
locations.

The technology has been under development
with Los Alamos MNational Laboratory (LANL),
with strong support from the USDOE Federal
Energy Technology Center.

STORK and CRYENCO are working together
with LAML to further develop the technology to
a8 size suitable for relatively large-scale
applications. CRYENCO will fabricate the
equipment, and will market the technology
outside the Oil and Gas industry. LAMNL will
confinee to provide fundamental research,
whereas STORK mtemds fo market tha
hiquefaction concept for the Oil and Gas
imdustry, for which it has acguired the
wiorldwide exclusive license nights for langer
capacities.

Technology and Performance

The TADOPTR technology is escentially a
codling machine based on a8 modified Stiding
refrigeration cycle (the OPTR side), except
that the working gas that achieves the cooling
is not displaced amd (delcompressed by
means of pistons, but by means of acousiic
wave power, The working gas is Helium, The

Acoustic power i3 simply generated by impo-

ging a steep temperature gradient across a
specially designed heat exchanger calked the
stack at the other side of the apparatus, which
causes the working gas to wibrate {the TAD
side). The acoustic energy is fransfermed from
the TAD to the OPTR wvia the sc-called
regonalor. The length of the resonator
determines the oscillaton frequency of the
standing wave. The TADOPTR design
prasently under development uses a

frequency of approx. 40 Hz

The TADOPTR hazs mo maowing pars
whatsoever, The TADOFTR only needs fuel
gas for heating the TAD side of the apparatus,
amnd a8 suitsble cooling medium (&.g. wates} o
serve as a heat sink for the TAD and for the
caoling machine (the OFTR).

The Development Program

The TADOPTR technology needs further
developmant untll it & suitable for relatively
large-scala applications [i.e. coaling capaciles
of several hundreds of Kilowatts or mone). The
sfatus of the development is suwch howewver,
that there is a large degres of confidence that
further scale-up and afficiency IMmprovement
will ba feasible within a reasonable me scale,
e.q. 34 years. For relativedy small umts, e.g.
up to approx. 150 Kilowatts, first commercial
application coukd be within 2-3 years. The
underying thermodymamic  and  physical
phenomena are well enough undersicod (o
enable prediction of large wnil performances

The main challenges during the  further
development will be in the angineenng and
product development areas
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The expected efficiency of the next prolotype
TADOPTR, a 500 gpd unit {based on natural
gas liquefaction), will be to liquafy 7% bum
0%, which is a leap siep improwemeant
compared with the perfformance of the 140
gpd unit with a fuel efficiency of 40% which
was successfully tested during 1998 (phota),
indicating that there is room for furdher
improvemeant.

The aim of the development program is to
further improve the fuel efficiency o approx.
B5%15%, and to scale up the apparatus (o a
cooding capacity of at least 40,000 gpd LNG,
and preferably larger.

Potentlal Markets

The TADOPTR technology will be particularly
attractive at localions where reliability,
minimum maintenance, ease of operation and
the availlability of a simple form of exiemal
energy source, are of prime imporiance,
Typical markets of interest will be the offshore
oil and gas industry, remote onshore locations
for small-scale domestic gas supply.
liguefaction of industrial gases, remote
anshore oil field davelopments, peak shaving
units for pipaline gas supply, boil-off
refiquefaction units, 8.g. on methane cariers
or an mobie ransportation equipment, atc.etc.
For the offshore market, STORK has started
the development of an offshore Bquefaction

plant concept.

The Offshore Liquefaction Concept

To demonstrate the potential that this
technology has for offshore use in remote
locations, a8 preliminary concept is  being
developed by STORK that demonstrates that
smal-scale offshore natural gas liquefaction
may be economically feasible.

This concept = based on an operating
scenario, where the associated gas from an oil
producing FPS0  is  pre-trealed  and
dehydrated on the same FPS0. From there
the clean gas is transferred to & permanently
moored separate LMG  liquefaction and
storage vessel or barge |, via low presswre
subsea risers and a flowline.
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Cn the LNG vessel, the gas is liquefied using
TADOPTRS. A portion of the natural gas is
used for the TADOPTR bumers. An indirect
sea water cooled cooling water system is used
for heat remaoval, The liquefied natural gas
(LNG) is then stored, Unkoading takes place
every 2-3 weeks using a relatively small LNG
shuttie carrier.

The concept economics include all exira costs
far tha liguefaction process, such as gas pre-
freatment, liguefaction, risers, flowline, LNG
vassel including s mooring. and LNG
officading. LNG transport to shore is excluded.
& cost-effective varation to this concept s a
scenaro where the LNG Bguefaction and
slorage Is Integrated on the ol producing
FPS0, Such a scenaro may be particularty
interesting for Early Production Systems and
for certain drifling vessels

For both scenaric’s refer to table 1 for the
parameters used and the results,
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